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© DOUBLE ELECTRIC LAYER CAPAdTOR. 
© A double electric layer capacitor utilizes double electric 
layers formed at the boundaries between polarized elec- 
trodes and an electrolyte. The polarized electrodes (17) are of 
carbon or activated carbon fiber, and conductive electrodes 
(18) are formed as current collectors on the electrode (17) of 
carbon or activated carbon fiber, thereby forming an elec- 
trode unit 
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SPECIFICATION 

TITLE OF THE INVENTION 

ELECTRIC DOUBLE LAYER CAPACITOR 

FIELD OF THE TECHNOLOGY 

This invention relates to an electric double 
layer capacitor using activated carbon as polarizable 
electrode . 

BACKGROUND TECHNOLOGY 

The electrolytic double layer capacitor is consti- 
tuted by constituting a polarizable electrode unit by an 
activated charcoal layer 1 and a collector electrode 2 for 
that layer, and by putting a separator 3 soaked with an 
electrolyte between a pair of polarizable electrodes. 

Hitherto, as the constitution examples of electro- 
lytic double layer capacitors of this kind, there have been 
the following two kinds. That is, the first one that 
is, as shown in FIG. 1, expanded metal or punching metal 
worked from aluminum sheet is used as collector body, a paste 
containing activated charcoal powder as main component and 
a binder of fluorine resin or the like as a polarizable 
electrode 5 is coated to be held on a surface of the 
collectors .4 by rolling rollers 7, and a pair of the 
collectors 4 and the polarizable electrode 5 with a separa- 
tor 8 inbetween are wound up and electrolyte is injected 
thereto. FIG. 4 is a sectional structure of the electric 
double layer capacitor of this system, FIG. 5 is an enlarged 
view of a part of FIG. 4. 9, 10 are electrode lead, 11 is 
an outside face, 12 is a rubber sealing cap. 
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The sec nd one has > structure es shown In FIG. 6, 
that is, conductive elastomer 13. ln.ul.tlve ring 14, 
separator IS and a viscous mixture 16 of sctivated chare al 
powaer and an electrolyte are combined es shown in the drawing, 
and has a disk type outside view as shown in PIG. 7. 

Both of these conventional ones uses powder type 

activated charcoal as polarisable electrodes. ■Therefore 
they have many problems on characteristics and manufacturing. 

tt the one of the first type, bonding force between 
the metal collectors 4 end the polarisable electrode . of 
activated charcoal is weak, and such tendencies are observed 
that the polarisable electrodes 5 drop off and peal off the 
collectors , or bonding force between both ones becomes 
«ak during use because of strain by the winding up and 
thereby internal resistance of the electric double leyer 
capacitor gradually increases, to gradually decrease the 
capacitance. Furthermore, when the polarisable electrode 
5 consisting of the activated charcoal powder and the binder 
are .oiled onto the collectors 4. its coating efficiency is 
bad. and scattering of capacitance due to in uniform coating 
a„a rolling of the polarisable electrodes 5 is given as 
the point to be proved.. Furthermore, in conjunction with 
the structure, that which fulfils needs of known micro- 
electronics, for instance of flat plate type structure, has 
been difficult to realize. 

I„ order to dissolve the structural defect, various 
proposals, for instance, raising contact strength of the 
pfclarizable electrodes 5 by roughening by blasting or 
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the like operation, the surface of the collectors 4, or by 
strengthening bonding force of the activated charcoal by 
adding binder such as methyl cellulose to the 
activated charcoal powder, have been tried, but neither one has 
satisfactory points yet, though slight improvement of 
characteristics are observed. 

Furthermore, in the one of the second type, though 
a flat plate type ones are obtainable enabling to respond to 
minimization of the appratus, there is a complicated point 
in working in the manufacture since powder type activated 
charcoal is used, and furthermore it is not satisfactory 
also from the view point of capacitance per, volume performance. 

Presently, though as the electric double layer 
capacitor of the second constitution the ones using aqueous 
solution of sulfuric acid as the electrolyte are sold in the 
market, breakdown vbltage per unit cell becomes 0.8 V in 
this type, and it does not fulfil a demand of high break- 
down voltage. 

Furthermore, as a modified example of the first 
type one, an electric double layer capacitor wherein 
two sheets of carbon fiber are used as polarizable elec- 
trodes, and they are wound up in a roll type with a separator 
inbetween, and aout 1 mm step is made on the opposing electode 
only at edge* face and metal layer is formed by spray * 
method on both end faces to form collectors and lead ter- 
minals simultaneously, is devised. In the capacitor of this 
type, though forming of the end face electrodes become easy, 
the fundamental structure is the same as the conventional 
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fir.t typ., «»d obtaining * further .-11 type cepaeit r 
structure is difficult. 

Thls invention provide, en electric 
double leyer eepecltor utilising' an - 
double leyer formed et the interfere between e polarisable 
eXectrode end en electrolyte, wherein oerbon fiber., eotiveted 
oarbon fibers, or the like ere need ee the polsrisable 
electrodes, end forcing conductive electrodes ss collectors 
such e, e metal conductive layer for«d by spray method, a 
oonductive paint layer forced by coating of the conductive 
paint or a metel foil having =**>ctive *»d layer or the lite CO the 
polarisable electrodes of the carbon fibers or activated 
carbon fibers; and it is intended to obtain that which 
be. collectore and the polarisable electrodes structure of 
bigh mechanical .trench, and a large capacitance per unit 
volume and low internal resistance and leak current. 

BRIEF DESCRIPTION OP TEE DRAWING 

FIG. 1 is a structure view showing fundamental 
structure of an electric double layer capacitor, PIG. 2 
is a process view showing substantia part of manufacturing 
process of the conventional electric double layer 
oapacitor. FIG. 3 is a perspective vie. showing essential 
pert structure of the conventional electric double layer 
oapacitor, FIG. 4 is a sectional view of a whole structure 
of the same electric double layer capacitor, FIG. 5 is 
an enlarged view of a part of FXG. 4. FIG. . is an eroded 
perspective view showing snother electric double layer 
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capacitor, FIG. 7 is a perspective view showing completed 
state of the same electric . double layer capacitor, 
FIG. 8 is a . structure view showing fundamental structure of 
an electric double layer capacitor in accordance with 
this invention, FIG. 9 is a front view showing half-part in 
section of a concrete structure example of an electric 
double layer capacitor of this invention, FIG. 10 is a 
construction view showing a second fundamental construction 
of an electric double layer capacitor of this invention, 
FIG. 11 is a characteristic' chart showing temperature characteristic 
of capacitance of the conventional electric double layer 
capacitor, FIG. 12 is a schematic view showing activated 
carbon-electrolyte interface showing a relation between 
diameters of micro-pores of the activated carbon and the electric 
double layer, ..FIG. . 13 is a process chart showing manu- 
facturing process of the activated carbon fiber, FIG. 14 
is a characteristic chart showing a relation between activa- 
tion process of the activated carbon and pore size distri- 
bution, FIG. 15 is a structure view showing 
another example of electric" double layer capacitor of 
the present invention, FIG. 16 is an equivalent circuit 
diagram of resistance of electric double layer capacitor, 
FIG. 17 is an enlarged view of an activated carbon cloth, 
FIG, 18 is an enlarged view showing positional relation 
between activated carbon fiber and conductive electrode in 
a polarizable electrode, FIG. 19, A and B are enlarged views 
showing micro -structures of activated carbon fibers for use 
in electric double layer capacitor of the present 
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vtg 20 is an enlarged view showing collector 
invention, FIG. *«u «" 

* «n electric double layer capacitor of the 
structure of an electric 

present invention, FIG. 21 i= a view showing pores 

o£ ac tiveted cerbon fiber of high specific surface area. 
■ m 22 and FIG. 23 are charecteristic grephs seeing 
relat ion between apecific surface area cf the activated 
cerbon and capacitance taW^ <** efficiency of electric 
aoebie layer. FIG. 24 and FIG. 25 are aectionaX views showing 
stru cturel exemple of leadneted type electric doubXe 
lay er capacitor of the present invention. PIG- 26. a and 
ere sections! views showing method of forcing end face 

, - electric double layer capac- 

electrodes of laminated type electri 

lt „r. PIG. 21 through PIG. 30 are perspective views and a 
sectional view showing an e^odia-t of laminated type 

double layer capacitor. PIG. 31. »-D 
are proc ess chart showing manufacturing process of a coon 
typ e electric double layer capacitor of the present 
fevention. PIG. 32 is a characteristic graph shorfng tes- 
ters characteristic of a capacitance of an electric 
aou ble layer capacitor of the present invention. PIG. as 
a perspective view of en essentiel part showing another 
e^imentof electric double layer capacitor of the 

-<™ PIG 34 is a sectional view showing 
present invention, FIG. 

completed state of the sea* cepecitor. 
BEST MODE FOR EMBODYING THE INVEHTION 

Concrete contents Of the present invention ere 
explained in eccordence with PIG. -8— FIG. 34. 
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FIG. 8 shows fundamental construction of elec- 
tric double layer capacitor in accordance with this 
invention; in FIG- 8, 17 is a polarizable electrode consist- 
ing of a cloth, a paper, a felt and so on consisting of 
carbon fiber and activated carbon fiber, 18 is a conductive 
electrode formed on the polarizable electrode 17. One pair 
of the polarizable electrode 17 comprising the conductive 
electrode 18 are disposed to oppose each other with electro- 
lyte-soaked separator 19 inbetween. 

PIG. 9 is a view showing representative example 
of outside forming of the electric double layer capacitor 
Of this invention. Capacitor element comprised of polariza- 
ble electredes 17 made of activated carbon cloth, con- 
ductive electrodes 18 and a separator 19 is enclosed in 
a pair of metal cases 20 making a pair with two pieces, to 
form a coin type. 21 is an insulative gasket ring for 
carrying out insulation and sealing between the metal cases 
20, and with this insulative gasket ring 21 inbetween the 
pair of metal cases 20 are connected. That is, each of the 
conductive electrodes 18 formed on the polarizable elec- 
trodes 17 electrically contacts the inside face of each of 
the metal cases 20, and in this embodiment the metal cases 20 
become electrodes for output taking out. 

in FIG. 10, another embodiment of this invention is 
shown, in this embodiment, polarizable electrodes are 
constituted by activated carbon fiber 23 carrying electric conduc- 
tivity improving agent 22 such as conductive paint for 
raising conductivity. Incidentally, the conductivity 
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proving agent 22 may be provided on the activated carbon 
fib ar 23 not only on the face of the side of the conductive 
electrode 18 bnt also to the other face and on whole body. 

Nextly. the characteristic and contents are 
described in detail individually on respective component 
elements of the electric double layer capacitor of this 
invention. 

(1) polarizable Electrode 

Properties demanded when activated carbon fibers 
or carbon fibers are used as the polsrissble electrode are, 
© surfacearea per unit weight is Urge, ©electric resistance is -11 
© ^chanical strength is high,© resistivity against 
chemicals is hi*,, conventional activated carbon powder 
^ the properties of ®. © — ©• *"* «" « tl '* - 
carbon .. powder and carbon fiber have, in addition to the 
^-mentioned, a secWcel strength as electrodes ® and 
is very effective material, activated carbon fiber ful- 
filling such demand comprises four kinds, phenol Kind 
.cured novolaK fibers), rayon Kind, acryl Kind and pitch 
*ind. Table 1 shows properties of these four Kinds activated 
carbon and coconut-granule activated charcoal. 
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As shown in TOble 1, aoryl kin* and pitch kind 

generally somewhat lack, flexibility, and specific surface 

area is fairly wll. «"»* h "*° n kind h " larg * 
surface area, its fiber is fragile and th ugh the felt type 
carbon fiber is popular, it is difficult to be made paper, 
and paper type is impossible, and it has problems in resis- 
tivity against chemicals -and resistivity againBt water. On 
the other hand, the phenol kind carbon fibers utilize cured 
novolak fibers as material, and in the case of the phenol 
kind carbon fibers, because the cured novclak fibers are 
insoluble and has small heat shrinkage, there is no need of 
preliminarily making the material fiber inscluble, and the 
woven or non-woven cloth can be made into the activated 
carbon as they are, and'besides they are strong and 
superior in flexibility, and therefore they are especially 
superior as polarizable electrodes of electric double .layer 
capacitor. 

It is observed that making of papers from phenol 
Kind carbon fibers as material has various advantages, and 
especially the ones made by using special Kynol (merchandise 
name of phenol kind carbon fibers from Nippon Kynol Inc.) as 
serial has superior characteristic in various aspect such 
as flexibility, electric resistance, water resistivity, 
chemical resistivity, strength against winding working, 
working accuracy, electric capacitance, cost and so on. 

Kextly, description is made on structure of micro- 
pores of activated carbon fibers most suitable for polariz- 
able electrode of electric double layer capacitor. 
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Activated charcoal which hitherto has been used 

as polarizable electrode of electric double layer capacitor 

2 

has specific surface area of 300 3000 m /gr, 

and when considering that the electric double layer 
capacitance, in case mercury is used as polarizable electrode 
is 20—40 uF/cm 2 , a large capacitance ox 60 — 1200 F per 1 gr 
of the activated charcoal must be obtainable in theory. However, in the 
conventional electric double layer capacitor, capacitance per unit 
weight of the activated charcoal has been taken out only 
1/30 — 1/10 of the above-mentioned theoretical value. 

Furthermore, when temperature characteristic of 
the stored capacitance of the electric double layer 
capacitor is noted, especially in case of the capacitors 
wherein surface area utilization factor is bad, temperature 
dependency of the capacitance change rate AC b e com es very large 
as shown in FIG. 11, resulting in what is called electric 
double layer capacitor of bad temperature characteristic. 

Such poorness of utilization' factor of the area of 
the activated charcoal and poorness of temperature dependency 
induced thereby is considered as being induced by distri- 
bution of diameter of micro-pores of the activated charcoal 
used; as below-mentioned . FIG . 12 is a schematic chart of 
electric double layer formed on surface of the activated 
charcoal, and when an electric field is applied between 
the activated charcoal substrate 24 and electrolyte 25 
contacting thereto, an electric charge is stored at the 
surface of the activated charcoal substrate 24, and the 
depth of the interface electric double layer is about 
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10 A. Accordingly, a S shown in FIG. 12, in a micro-por 26 
having a dimeter larger than 10 x 2 *= 20 A, the electric 
double layer is formed up to the inside of the micro-por 
26 and the electric double layer capacitance is stored 
up to the inside surface of the micro-pore 26, while for 
micro— pore 27 of 20 A or smaller no electric double 
Xayer is formed between its inside wall and the electrolyte, 
in other words, no matter how ones having specific surface area 
per unit weight is induced by micro-pores of diameter of 
20 A or smaller is used as the polarizable electrode, the 
utilizat ion factor of the surface area becomes very bad. 

Furthermore, when temperature characteristics of 
the easiness of diffusion of the electrolyte into the micro- 
pores and thickness of the electric double layer are 
considered, it is understood that tenperato* dependency of the elec- 
tric double layer capacitance for** on the surface of the activated 
charcoal having many micro-pores of small diameter becomes 
very large, as compared with that of the activated charcoal 
having micro-pores of large inner diameters as major 
proportion. 

By considering the above, structure of the micro- 
pores of the activated carbon fibers required as the 
polarizable electrode is that specific surface 
area is large and besides there are many micro-pores 
having diameters of 20 A or larger. Nextly, manufacturing 
me thod of the activated carbon fiber having such micro- 
pores structure is described. 
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FIG. 13 is manufacturing process diagram of a 
general activated carbon fibers. That is, there are 
a method that material fibers are directly made carbonized 
and activated, and a method that once carbon fiber is made 
and subsequently activated. Such activation of the carbon 
fibers (steps A and B in FIG. 11} is carried out in general 
in a mixed gas consisting of water vapor and nitrogen at 
a temperature of 700 °C — 800°C. Thereupon, when metal ions 
are co-existed in the material fiber during such activation, 
the diameter of the micro— pores of the activated carbon 
fibers after activation can be controlled. That is, as 
compared with the case activated by the water vapor only, 

micro pores having inner diameters proportional to the 

diameters of metal ions used as catalyst are formed. Metal 
ions suitable for coexistence are of lythium, sodium, potassium 
calcium, magnesium, zinc and so on, and when metal ions of the, 
larger ion radius are used as catalyst, the micro-pores 
of the larger diameters are obtainable. Actually, salts 
(chlorides, phosphates, nitrates, etc.) or hydroxides of 
these metal ions are carried on the material fiber, to 
activate. 

FIG. 14 shows pore size distribution of 
activated carbon fibers after activation, drawn indi- 
vidually of each catalyst used, and as is shown, especially 
when salts or hydroxides of the alkali earth metals are 
used as the activation catalyst, distribution rate of the 

o 

micro— pores of diameter above 20 A becomes large. 
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Furthermore, specific surface area is in inverse 
proportional relation to electric resistance and softness, 
and as the activation is done the surface area increases, 
carbonization yield decreases, resistance increases and it 
mechanically becomes fragile. In the fibers wherein the 
^cro-pores of 20 A or smaller is of ma j0 rity and surface 
area utilization factor is bad, the activation must 
proceed until a large specific surface area is obtained, 
then even though a satisfactory value as the capacitance 
value is obtained as a result, it makes a polarizable 
electrode with high resistance and weak mechanical strength. 
However, in case the activation catalyst is used like the 
present invention, the surface area utilization factor 
very much improves, and hence there is no need of advancing 
the activation extremely to obtain a unit capacitance, and 
the activated carbon dot* obtained in this way as such has 
low resistance and high strength. Furthermore, since the 
activated carbon fi*er has low resistance and large dia- 
meter of -the micro-pores, it has a feature that 
the internal resistance of the capacitor becon.es very low. 

As is described below, when considering to provide 
the polarizable electrode by die-cutting of the activated 
carbon cloth, that mechanical strength of the activated 
carbon cloth becomes strong means that the manufacturing 
process becomes easy, and the activated carbon cloth of 
the present invention is very much advantageous in manufac- 
turing process, too. 



0112923 

Furthermore , with respect to the ratio of the 
micro-pores of the diameter of 20 A or more to the whole 
micro-pores V when the total of the inside-surface area of 
the micro-pores is less than 1% of the total inside-surface 
area of the whole micro-pores, its special effect can not 
be expected much, and in case the inside-surface area of 

o 

the micro-pores of the inside diameter of 20 A or more 
becomes 1% or more its effect becomes prominent. 
(2) Conductive Electrode . 

Conductive electrodes used in this invention is 
conductive layers formed on the polarizable electrode 
directly by plasma spraying, arc spraying, vacuum deposi- 
tion, sputtering, non-electrolytic plating, etc. Furthermore, 
metal foil with conductive bond inbetween or conductive 
paint is suitable as the electrodes. Specially for its 
strength, conductivity and easiness of forming, metal layer 
formed by the plasma spray or arc spray method or 
metal foil with conductive bond inbetween is suitable as 

the electrodes. 

Firstly, electrodes by .the spray method is 
described. As conductive material used here, aluminum, 
nickel, copper, zinc, tin, lead, titanium, tantalum, and 
the like which are electro-chemically stable against elec- 
trolyte. Deposition weight by the spraying of 0.05 
9 2 

mgr/cm — 500 mgr/cm is appropriate. In the case by other 

deposition method, this is not applicable. In the 
spray method, under this range, electric resistance is 
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high and function as electrodes is not performed. 
Furthermore, above this range, the electrodes become t 
thick, and is likely to peal off or drop out from the carbon 
fibers, or forming cracks in the spray metal layer, 
and mechanical strength becomes weak oppositely. That is, 
polarizable carbon fiber electrodes having appropriate 
amount of collected sprayed layer comprises 
such mechanical strength and proper characteristic of 
the activated carbon, and besides in comparison with the case 
by the conventional paste method, handling in manufacturing 
is very easy, and resultantly, as will be described in the 
below-mentioned embodiment, coin type flat sheet-shaped 
electric double layer capacitor is obtainable. 

As the conductive electrodes, besides such metal 
layer formed by the spray method, a method shown by FIG. 15 
is possible. That is, it is an electrode structure, wherein, 
on polarizable electrode 17 made of activated carbon fiber, a metal 
foils 29 of the same material as the sprayed metal, is provided 
with a conductive bi^ 28, for instax^ is ^ disperse 
carbon, silver or copper in an organic resin such as epoxy resin, 
phenol resin, acryl resin, silicone resin, and so on. 

Conductive electrodes of these structure also, 
in case of application in the electric double layer 
capacitor of, for instance, coin type flat sheet shape, 
electrically contact the conductive electrodes as will be 
described in the below-mentioned embodiment. 

Furthermore, as the conductive electrodes, they 
may be formed by applying conductive paint having 
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conductive pulpherized powders of silver, copper, carbon, or the 
like dispersed in organic resin. 

Nextly, another large characteristic with respect 
to the conductive electrodes is described. FIG. 10 is 
a drawing to show fundamental structure of electric double 
layer capacitor of the present invention ccnprising electric 
conductivity improving agent 22 , wherein when attention is paid on the 
internal resistance of the capacitor, with respect to a 
capacitor of a structure shown in FIG. 8 its internal resistance is 
divided into individual oarponents as in FIG. -16. -That is, these are 
contact resistance 1^ between the conductive electrode 18 
and a polarizable electrode 17, resistance R 2 in the 
polarizable electrode 17 and interface resista n ce Rj between 
the polarizable electrode 17 and an electrolyte impregnating 
in the separator 19, a resistance R 4 of the electrolyte and 
R», R' and R' which exist in symmetry to these ones. Those 
using the carbon fiber as the polarizable electrode as 
this invention, as shown in FIG. 17, since such cloth that as the 
activated carbon fibers 30,- each other entangled in 
diagonal or plain fabric is used, density of the carbon fiber, 
per unit area of the cloth becomes low. Accordingly, as 
compared with a one with polarizable electrodes using powder 
activated carbon type, resistances become large in every direction 1 , 
thicknesswise, and in planewise- Furthermore, though it 
can not be denied that leading of the electric double 
layer capacitance of the interface between the polarizable 
electrode 17 at the micro-pores parts 31 of the activated 



-18- 0112923 

carbon fiber and the electrolyte 32, to the conductive 
electrode 18, by r lying n a c nductivity only by the 
activated carbon fiber 33 and by contacts and connections between than, 
results in making the R 2 and 1% high resistances. How- 
ever, the problem on these internal resistances become 
prominent in . the coin type ' capacitors having 
small polarizable electrode area. 

From these view points, when the surface of the 
polarizable electrode as shown in PIG. 10 is shown by 
enlarging, it becomes as of A and B of PIG. 19. As shown 
in A of the same figure, conductivity improving agent 22 is 
bom on all the surface of the activated carbon fiber 33, 
and as shown in FIG. B the ."micro-pore parts 34 of the 
activated carbon fibers are also coated by the conductivity 

improving agent 22. 

As the conductivity improving agent to be used 
here, three kinds are considered: ® oxides of transition 
ratals such as ruthenium, osmium, iridium, indium, plutinum, 
etc., © conductive paint made by dispersing carbon granules 
or other metal granules in organic resin or carboxy methyl 
cellulose or the like, (D conductive metal layer of tin 
oxide or indium oxide formed by vapor deposition, sputtering 
or the like. At the interface between the polarizable 
electrode and the electrolyte, it is an essential conditim that 
pnly a reaction to form the electric double layer takes place, 
and when chemical and electric stability of the polarizable electrode 
are considered, uses of these stable oxide of conductive 
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transfer metals or conductive paint or furthermore, 
conductive oxide such as tin oxide, as the conductivity 
improving agent. 

Furthermore, when, for instance, the activated 
carbon fibers are dipped in an aqueous solution of ruthenium 
chloride for a predetermined time and the above is thermally 
decomposed by keeping the aqueous solution of ruthenium 
chloride sufficiently soaking in the micro-pores in the 
activated carbon fiber, a layer of ruthenium oxide is 
coated to the inner wall of the' micro- pores even to the extremely 
microscopic ones of the activated carbon fibers. 

By using the polarizable electrode of the activated 
carbon fiber 33 having such conductivity improving agent 
22 on its surface, as is understood from comparison between, 
for instance, resistance St*cm — 10 0«cm of the activated 

carbon fibers and resistance 10 ~* fl-cm of ruthenium oxide, 
low resistance layer becomes to be formed on the surface of 
the activated carbon fibers 33, and as shown in FIG. 20, 
electric double layer., formed on the inside surface of 
the activatived carbon fibers 33 is connected with low 
resistance to the conductive electrode 18 through conductivity 
improving agent 22 formed on the surface. 

As a result, resistance R 2 in the above-mentioned 
polarizable electrode, namely the resistance in the activated 
carbon fibers, furthermore the contact resistance R 3 
between the polarizable electrode and the electrolyte or 
contact resistance 1^ between the polarizable electrode and 
the collector electrode becomes also small, and internal 



_2o- 0112923 

resistance of the electric double layer capacitor can be 

very much decreased. 

Furthermore, as above-mentioned, in case the con- 
ductivity improving agent is formed by using a thermally 
decomposable salt such as ruthenium salt, electrode lead out 
of the micro- pores of activated -carbon fibers can be easily 
made, and accordingly surface area utilization factor of -this 

part is also increased. 

Besides, forming methods of the conductivity 
improving agent to be used in this invention are as 
follows: © diPEmxj and thermal decomposition of thermally de- 
composable salt such as ruthenium chloride, ® painting or 
dipping method of carbon colloid solution, ® forming by 
vacuum deposition of conductive oxide such as tin oxide. 
When formation of the conductivity improving agent in the 
micro-pores of the activated carbon is considered, the 
method of © is disadvantageous, but when contemplating kinds 
and heat resistivity of the activated carbon fiber to be 
used, any of the method ®, ®, ®. has respective 
features, and can achieve more superior characteristics than 
the electric double layer capacitor not provided with 
the conductivity improving agent. 

(3) Electrolyte 

The electrolyte to be "used in this invention 
comprises as its one component thereof, at least 1,2- 

dimethoxyethane . 

As electrolytes for conventional electric double 

layer capacitor shown in FIG. 4 and FIG. 5, by considering 
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permeability, conductivity, chemical and thermal stability, 
that which is made by dissolving tetramethylammonium- 
perchlorate, aimaiimperchlorate or the like in solvent such as 
propylene carbonate, dimethy If ormamide , V-buryrolactcne, or 
tetrahydrofuran or the like have been used. However, with 
such combination of the conventional electrolyte and activated 
charcoal, due to low permeability of the electrolyte to the 
activated charcoal and high viscosity, impregnation of the 
electrolyte into the pores of the activated charcoal is not 
completely done, and this becomes the reason to hinder 
effective utilization of the surface area like the case of 
the aforementioned distribution characteristic of the micro- 
pores of the activated carbon fibers. 

FIG. 21 is a view showing micro-structure of the 
activated carbon fiber of phenol kind. Among the micro- 
pores 35 of the activated carbon fibers, the micro-pores 
to contribute formation of the electric double layer is 
the micro-pores of cylindrical shape with diameters of 
several tens A — several um, and in order to effectively 
utilize the surface area of this micro-pores an electrolyte 
which can reach through at least the micro-pores of the 
diameter of several tens A — several pm to the bottom 36 of 
the micro-pores 35 . 

1,2-dimethoxyethane to be used in this invention 
is a dimethylether of ethylene glycol, and dissolves in the 
water, alcohol and hydrocarbon, but is a stable liquid having 
the boiling point at 82 °C— 83°C. X- butyirolactcne, tetrahydro- 
furan, dimethylf ormamide or propylene carbonate which has been 
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hitherto used as solvent for electrolyte of electric double 
layer capacitor has poor permeability into the micro-pores 
because of its molecular radius or three dimensional hindrance 
due to having carbonyl group, amino group with methyl group or cyclic 
construction. In contrast to that, the 1,2-^iiiBthaxyethane are of low 
molecular number and has ether structure, hence substantially 
of straight chain type. Accordingly, the permeability into 
the micro-pore is superior than the conventional ones, and 
especially is effective in effective utilization of the 
surface area of the activated carbon fibers having cylin- 
drical type micro-pores as above-mentioned. 

(Y-butyrolactone) ■ (tetrahydrofuran) 

c = o -C c 



_C C -. H 



H H 



H H 



(ALmethylformamide) (1,2-dimethoxyethane) 
0 

H-C-N /CH3 H 3 C-0-CB 2 -CH 2 -(>-CH3 
X CH 3 

Nextly, the effect of combination of 1,2-dimethoxy- 
ethane and activated carbon fiber of relatively large 
surface area is described in concrete- 

PIG. 22 shows capacitance efficiency (the capacitance 
efficiency to be referred to here is a value when considering 
only such micro-pores that has possibility of contributing to 
formation of electric double layers) which is to be 
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taken out when activated carbon fibers of three types of 

2 2 2 

specific surface areas (1000 m /gr, 1500 m /gr and 2000 m /gr) 

are used as polarizable electrodes, with respect to the 

case "a" where propylene carbonate is used as electrolyte 

solvent, the case "b" where both 1, 2-dimethoxy ethane and 

propylene carbonate are used in this invention. From FIG. 22, 

it is understood that when propylene carbonate is used as 

electrolyte solvent, even when the specific surface area of 

2 

the polarizable electrode is increased from 1000 m. /gr to 

2 

2000 m /gr, capacitance value does not substantially increase, 
or even decreases. In contrast to this, when 1,2-dimethoxy- 
e thane is used also as the electrolyte solvent, when the specific sur- 
face area of the activated carbon fiber, increases the capacitance 
value also increases in proportion thereto, and ratio of 

the capacitance of the case using the activated carbon of 
2 

1000 m /gr and that of the case using the activated carbon of 
2 

2000 m /gr is about 1 ; 2. 

FIG. 23 shows a relation between the surface 

area and capacitance efficiency when coconut activated 

2 2 2 

charcoal powders (300 m /gr, 500 m /gr and 700 m /gr) are 

used as the polarizable electrodes and propylene carbonate 
is used as the electrolyte. That is, when a low surface area 
material as the coconut activated charcoal granules used as 
the polarizable electrode, even in the case "a" when 
propylene carbonate is used as the electrolyte solvent it 
fairly serves the function. Also, as shown by the charac- 
teristic "b" , even in case the low surface area material is 
used as the polarizable electrode, the effect of 1,2- 
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dimethoxyethane is obtainable, ttiese experimental facts 
support .the consideration on the Mentioned relation about 
the shape of micro-pores of activated carbon fibers of 
high specific surface area, and permeability of the electrolyte 
against efficiency for taking out capacitance; and use of 1,2- 
dimethoxyethane as the electrolyte solvent is desirable. 

As a means for further making the effect of the 
1,2-dimethoxyethane nore prominent, a use of vacuum impregnation method 
in permeating electrolyte into the activated carbon fiber is 

__ after forminc conductive 

also an effective means. Furthermore, after rorm s 

electrodes as cathode collector on grarfute fibers • of novolak 
group by a means such as plasma spraying, an electrolyte 
containing a solvent consisting of propylene carbonate and ' 
1,2-dimethoxyethane by the vacuum diffusion method is also 
effective- 

Nextly, laminated type capacitor wherein plural 
.number of hitherto-described unit capacitor elements are 
laminated and metal-sprayed layer is formed on the end 
face to take out the whole electrodes. Capacitors of such 
structure is classify i*tO the renewing t*o types- That is, they are 
a first type having unit capacitor element of a combination 
of polarizable electrodes and a separator, and a second 
type having a unit capacitor element of a combination of 
one polarizable electrode, one separator and one non- 

polarizable electrode. 

PIG. 24 shows fundamental structure drawing of 

the first type one- 
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A polarizable electrodes 37 consisting of cloth, 
paper or felt of carbon fibers or activated carbon fibers, 
conductive electrode 38 formed on one side of the polarizable 
electrode 37 and a separator 39 soaked with electrolyte and 
disposed between the polarizable electrodes 37 constitute a 
composition which forms a unit capacitor element 40. in the 
unit capacitor element 40, the polarizable electrodes 37 are 
disposed in a manner to form margin part 40a whereat conduc- 
tive electrodes 38 do not face each other. At this time, 
the conductive electrodes 38 functions as the collector 
electrode, n pieces of the unit capacitor elements 40 are, 
alternatively laminated as shown in FIG. 24, and metal layers 
41, 42 are provided on both ends of the l amin ated body to 
form collected electrodes for outside leading out. At this 
time, it is more preferable to make insulation between 
neighboring unit capacitor elements 40 by putting an insula- 
tion spacer 43 or the like inbetween. 

FIG. 25 shows fundamental structure drawing of the 

second type one. 

A combination body of .polarizable electrodes 37 

consisting of fabric, paper or felt of carbon fibers or 
activated carbon fibers and separators 39 soaked with elec- 
trolyte constitute a unitary capacitor element 44; and in this 
unitary capacitor element, in the polarizable electrodes 37 
which are opposing with the separator 39 inbetween, the con- 
ductive electrode 38 having one polarizable electrode 37 
formed thereon is disposed to the side of the separator 39. The unit 
capacitors 44 are as shown in FIG. 25, laminated of their n pieces with 
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separator 39 inbetween and on both sides of this laminated 
body, metal layers 41 and 42 are provided. Furthermore, 
also, in the unit capacitor elements, margin parts 44a, 
whereat conductive electrodes 38 of the polarisable electrodes 
37 do not oppose each other, are provided on both ends- 

in the electric double layer capacitor of this 
structure, the conductive electrodes 38 function as collector 
electrodes, and the conductive electrodes 38 contacting the 
separator 39 functions as non-polarizable electrodes, 
thereby constituting ■ respective unit capacitor elements. 

Nextly, electrode lead out of such laminated 
capacitor is described. As has been described, 
for leading out end faces of the collector electrodes 
of unit capacitor group, two metal layers for electrodes of 
^e whole capacitor exist. -These metal layers are 
form ed in a manner that, for every other capacitor elements, 
electrode leading-outs are formed on the same side, and 
it is necessary to be formed in a manner that electrodes of 
the neighboring unit capacitor eJemeuts do not contact each other. 

As a means to achieve this purpose, it is desirable 
to form the collector electrodes by plasma spraying 
method or .the liHe. A and B of FIG. 26 are cases of spray- 
ing metal powder 47 onto the main body 45 consisting of 
laminated unit capacitor element group by. using " spray- 
. ing gun 46. In this time, insulation, spacers 43 may be 

provided in order that electrodes 48 and 49 of the neighboring 
* unit capacitor elements do not make conduction. And in 

FIG. 25b, only electrodes designated by the hatching of the same 
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direction are made contact with the sprayed elec- 
trodes 50. FIG. 27 — FIG. 30 show an example of completed 
state of this laminated type capacitor, and making in face 
bonding type as shown in FIG. 27 or making in that metal 
lead wires 51 are disposed on both end faces of the main 
body 45 of the capacitor when sprayed electrode 50 is 
formed to be buried . in the sprayed electrodes, or made 
in a manner that after forming the sprayed electrode 50 
as shown in FIG. 29, metal lead wires 51 are connected to 
the metal deposited electrodes 50 by silver paint or solder 
52, can be considered. Covering is made for all of these 
by encapsulating the whole body into a case of resin, metal 
or ceramic, or dipping in the resin. 

One example when the outside forming is made by 
case is shown in FIG. 30, and in this example lead pieces 55, 
56 are spot^welded on the inside face of two metal cases 53, 
54 of disk shape, and the metal cases 53 and 54 are combined 
in a manner that the capacitor main body 45 is encircled 
therewith and respective lead pieces 55, 56 of the metal cases 
53, 54 are electrically connected to the sprayed 
electrodes 50 of the capacitor main body. 57 are insulation 
spacers to prevent direct contacting of the sprayed 
electrodes 50 of the main body 45 of the capacitor to the 
metal cases 53, 54; and 58 is a* gasket for preventing 
contacting of the metal cases 53, 54 to each other. 

Nextly, concrete embodiments of the present invention 
are described. 
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(Embodiment 1) 

. as shown in A — D of-FIG. 31, on each surface of polarizable 
electrodes 5* existing of do* made of activated carbon fibers of 
^ ]dnd (thickness 0.3 **, specific surface area 2000 m yep:) .and a 
cloth made of activated carbon fibers of acryl kind 
(thickness 0.3 mm, specific surface area 800 m 2 /gr) , an 
aluminum layer 60 of thickness 5 ym is formed by plasma 
spraying method. This double layer structure 61 is di*-a* 
into disks having 2 cm diameter to provide electrode body 62. 
After soaking in the electrode bodies 62 an electrolyte of 
a mixed solution of propylene carbonate 30 wt % and Y~ 
butyrolactcne 70 wt % with addition of 10 wt % of tetraethyl- 
a.moniumperchlorate, laminating a separator 63 inbetween 
and further, pinching it with two cases 64 of steinless 
steel, and disposing a gasket 65 at the opening end of the 
cases 64 and also caulking' are made to seal. 

Several characteristics of . electric double layer 
.capacitor in - accordance with this invention are shown in We 2. 
TaBle .2 also shows characteristics *£ trially made product of 
the same shape as the structure of FIG- -4. wherein activated . 
charcoal paste is coated on the punching metal collector 
^ and. the structure of FIG- 6, for the sake of 
comparison . 
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Table 2 



\ 


Activated /carton 
charcoal used 


Capacit- 
ance 


Internal 
resistance 


With- 
stand 

voltage 


High temperature 
load life 
at 1.7V, 70°C, 
1000/hr. 


Product or 
the present 
invention 


activated carbon, 
fiber of phenol 
1410UP 


3 F 


0.15 Q 


2 V 


(Capacitance 
chance) 
-3 % 


Activated carbon 
fi^gy of acryl 
group 


1 S IT 




2 V 


-3 % 


Conventional 
product 


Paste of activated 
charcoal powder 
applied on aluminum 
expanded metal 


0.8 F 


0.3 a 


2 V 


-20 % 


Activated charcoal 
powder with 
sulfuric acid 


0.8 F 


0.1 


0.8 V | -20 % 



(Embodiment 2) 

In a cloth of phenolic fibers, aqueous solution of 

zinc chloride is soaked to be born. At this time, the amount 

of born NaOH is made to be 10 % of the whole fiber weight. 

The fiber thus treated is kept in a furnace of 1000°C, to be 

carbonized and activated. By controlling the time of retention 

in the furnace, activated carbon fiber cloths of three 

2 

kinds of specific surface areas of 300 m /gm (30 min. reten- 

•7 2 
tion) , 500 m /gr (1.5 hrs. retention) and 1500 m /gm (3 hrs. 

retention) are obtained. Furthermore, aluminum metal -layer 

of 50 um thickness is formed by plasma spray method and . 

thereafter is die-cut into circle-shaped ones of 5 mm diameter. 

On this circle-shaped electrode body, electrolyte of mixed 

solvent of propylene carbonate 30 wt % and y-butyllactone 
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70 wt % with addition of 10 wt % tetraethylammoniumperchlorate 
is soaked, and putting a separator made of polypropylene 
between two sheets of the electrodes, outside forming is made 
by using the cases of steinless steel and gasket. 

Table 3 shows characteristics of an electric 
double layer capacitor of this embodiment. Incidentally, 
characteristics of electric double layer capacitor using 
an activated carbon cloth, activated without using the 
activation catalyst are also described for comparison in the 
same table. Furthermore, FIG. 32 shows temperature charac- 
teristic <-2S°C, 25-C and 70»C) of values of capacitance 
change rates Ac of the ones using the activated carbon cloth 
of specific surface area 500 m 2 /gr among the cases of both. 

Table 3 





Property of activated carbon cloth 


Characters 
electric - 
layer cap. 


Lstics of 
double 
icitor 


\ 


Specific 
surface area 
by BET 


Strength 


Proportion of 
micro-pares of 
diameter over 
20 A : 


Capacit- 
ance 


Internal 
resistance 




300 m 2 /gr 


Strong 


50 % 


8 F 


-10 


11 

h 


2 , 

§00 m /gr 


Strong 


50 % 


8 F 


i a 


1500 m 2 /gr 


Strong 


80 % 


10 F 


l a 


c 
o 


300 m 2 /gr 


Strong 


Below 1 *% 


0.01 F 


8 fl 


Comparis 
example 


500 m 2 /gr 


Weak 


Below 1 % 


0.05 F 


8 a 


1500 m 2 /gr 


Weak 


Below 1 % 


j 0.2 F 


10 si 
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(Embodiment 3) 

Cloth of activated carbon of thickness 0.2 mm 
woven by activated carbon fibers of novblak kind is dipped 
in aqueous solution of ruthenium chloride of 0.5' mole/ £ for 
5 min., and thereafter is retained in a furnace of 300 °C to 
coat the surface of activated carbon fiber by ruthenium 
oxide layer. After forming aluminum layer (20 yxa thickness) 
by plasma spraying method on thus formed cloth of the 
carbon fibers, it is die-cut into circle-shape with dinrceter 
of 20 mm. Between two sheets of this circle-shaped electrodes, a 
separator made of polypropylene is put and they are laminated , 
and as electrolyte mixed solution of propylene carbonate, y- 
butyrolactone and tetraethylammoniumpeechlorate is injected, 
and they are encapsulated in metal cases with gasket inbetween. 
(Embodiment 4) 

Cloth of activated carbon of thickness 0.2 mm 
woven with activated carbon fibers of novolak kind is • 
dipped into a colloidal carbon liquid (Aquadac made by 
Acheson & Co. of USA) , and after being taken out, is dried 
at 100 °C for 10 min. On one side of activated carbon 
fiber cloth thus made, aluminum layer (thickness 20 yja) is 
formed by plasma spray method, and thereafter it is 
die-cut into circle shape to constitute electrode bodies . 
Between this circle-shaped electrode bodies, separator made 
of polypropylene is put and two sheets of the electrode 
bodies are laminated, and as electrolyte a mixed liquid of 
propylene carbonate, tetraethylaramoniumperchlorate and 
Y-butyloractone is injected, and subsequently outside forming 
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is made by a gasket and metal cases. 

(Embodiment 5) 

Tin oxide layer (thickness 5 ym) is formed by 
vacuum deposition method on an activated carbon cloth of 
thickness 0.2 mm woven with activated carbon fibers of 
novolak kind. Furthermore, an aluminum layer (20 ym thicX- 
^s) is formed thereon, and thereafter it is cut into circle shape of 
dimeter 20 mm to constitute electrode body. By putting a 
separator made of polypropylene between the electrode bodies, 
two sheets of the electrode bodies are laminated, and as 
electrolyte a mixed liquid of propylene carbonate and tetra- 
ethylammoniumperchlorate is injected and outside forming is 
made with a gasket and metal cases. 

(Embodiment 6) 

Activated carbon cloth of thickness 0.2 mm woven 
with activated carbon fibers of novo 3ak kind is dipped 
in aqueous solution (0.5 mole/it) of ruthenium chloride for 
5 .in. Nextly, it is held in a thermal decomposition furnace 
of 300-C for 10 min., to form ruthenium oxide layer on a 
surface of the activated carbon fiber. On one face of 
the matter thus made, an aluminum layer (thickness 20 ym> is 
formed by plasma spraying method, it is cut into squares of 
3 cm x 3cm to produce electrode bodies. As shown in PIG. 33, 
ttese electrode bodies are laminated with separators made of . 
polypropylene put inbet»een, and thereafter «ourd to constitute a 
cylindrical capacitor body, and the capacitor body is 
enclosed in a cylindrical . case of aluminium, and the 
opening part of the case is sealed with a rubber cap. 
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In FIG. 33 and FIG. 34, 66 is electrode body, 67 is aluminum 
layer, 68 is separator, 69 is lead wire, 70 is capacitor 
body, 71 is. case and 72 is rubber cap. 

Several characteristics of the electric double 
layer capacitor of this invention obtained by the Embodiment 
3— Embodiment 6 are shown in Table 4. Furthermore, charac- 
teristics of those of button type which is not provided with 
conductivity improving agent and those of wound up type 
capacitor are also shown . 

Table 4 





Capaci- 
tance 


Internal 
resistance 


High temperature load 
life 

1.7 V, 70°C, 100 hr. 


0 
■C 


Embodi- 
ment 3 


3.5 F 


0.05 Q 


(Capacitance change) 
-3 % 


41 
«H 

o 


Embodi- 
ment 4 


3.5 F 


0.05 a 


-3 % 




Embodi- 
ment 5 


3.2 F 


0.1 a 


-3 % 




Embodi- 
ment 6 


5.2 F 


o.oi a 


-3 % - 


s 

ft 


Button 
type 


3.0 F 


0.2 ft 


-5 % 


Wound-up 
type 


4.5 F 

1 


o.o5 a 


-5 % 



(Embodiment 7) 

On one surface of activated carbon fiber -cloth 
of diameter 2.0 cm (of Japan Kynol Inc.) specific surface 
area 2000 m 2 /gr) aluminum conductive layer of thickness 
5 p is . formed by plasma spray method. 
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In this activated carbon fiber cloth, a solution 
prepared by mixing 1 , 2-dimethoxy ethane 30 wt%, JT-butytolactone 
50 wt% and tetrametylammoniumperchlorate 20 wt% is soaked. 
This two sheets of the activated carbon fiber cloths are 
laminated by putting a film of polypropylene of thickness 10 fim 
inbetween, and outside forming ws made by outside case made of 
metal and a gasket made of rubber. Also a sample which is 
trially made by soaking electrolyte in two sheets of the acti- 
vated carbon fiber in a reduced pressure atmosphere of 1 mmHg 
of room temperature retaining for 10 min'. was made. A trial making 
with respect to a capacitor using as electrolyte constituted 
with propylene carbonate 30 wt%, y^utyrolactone 50 wt% and 
tetramethylammoniumperchlorate 20 wt% was also made. 

Table 5 shows result of this embodiment. 

Table 5 





Capaci- 
tance 


Internal 
resistance 


High temperature load 
life (at 1.7V, 70°C, 
1000 hr. 


Product 
of the 


Normal 
pressure 
impregr 
nation 


3 F 


0.15 8 - 


(Capacitance change) 
-3 % 


present 
invention 


Vacuum 
impreg- 
nation 


3.2 F 


0.14 a 


-3 % 


Ocxnpari- 
son 

example 


■ 


1.5 F 


0.5 Q 


-3 % 



"(Embodiment 8) 

On one surface of the activated carbon fiber cloth 

(of Nippon Kynol'lnc, specific surf ace area 2000 m 2 /gr) an 
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aluminum conductive layer of thickness 5 ym is formed by plasma 
spraying method. 10 sheets of what is made by cutting this in 10 mm 
square are laminated with separators as shown in FIG. 24 and FIG. 25. 
And, the separator used in this embodiment is of polypropylene 
film of thickness 10 yen, and in the separator and the activated 
carbon fiber cloth a solution prepared by mixing propylene 
carbonate 30 wt%, y-butyrolactone 50 wt% and tetamethylanppnium- 
perchlorate 20 wt% as electrolyte is soaked. On each other 
opposing end face of such laminated construction, aluminium 
layers (thickness 10 ym) are formed by plasma spraying method 
to carry out electrode .taking out. Laminated type capacitor 
thus made is subject . to outside forming in a method shown in 
. FIG. 30, and measurement of characteristic was done. 

Table 6 shows comparing characteristics of elec- 
tric double layer capacitor made in accordance with the present 
embodiment and conventional capacitor wound by using activated 
carbon powder in electrodes and a single layer capacitor using 
activated carbon fiber in electrode. 



Table 6 





Criparri- 
tannp. 


Internal 
resis- • 
tance 


High tenpera- 
ture load life 
(at 1.7V, 70°C, 
1000 nr. 


Volume 
ratio 


Polarizable electrodes 
opposing type 
(FIG. 23) 


8 F 


» 

n 17 0 t (Capacitance 
U * A/ "! change) 
t -3 % 




Polaris-able electrode 
and non-polarizable 
electrode opposing 
type {FIG. 24) 


8 F 


0.17 Q -3 % 

f 


1 


Single .layer 
flat sheet' type' 


2 F 


0.15 fl! -3 % 

■ 
■ 

i 


0.5 


Conventional 
products 


8 F 


i 

3 Q J -20 % 

t 


10 
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(Embodiment 9) 

On one side of activated carbon . fiber cloth of 

thickness 0.2 mm woven with activated carbon fibers of novo- 
lak kind, an aXuminium foil of thickness 0.05 mm is bonded 
with conductive bond of epoxy "carbon. Nextly electrode 
bodies are obtained by die-punching ihis into circle shape of 
diameter 20 mm. This circle-shaped electrode bodies are lami- 
nated by putting a separator made of polypropylene inbetween, 
and mixed liquid of propylene carbonate, f-butyrolactone and 
tetraethylammoniumperchlorate as electrolyte is injected and 
outside forming is made with gasket and metal cases. 

Characteristics of capacitor thus made is shown in 

Table' 7. 

Table 7 



Capacitance 


Internal 
resistance 


High temperature life test 
(at 1.7V, 70"C, 1000 nr.) 


3.0 F 


0.2 n 

. 


. - - 5 % 



POSSIBLE DTIMZATION IS INDUSTRY 

„ has been explainea above, in accordance with 
ele ctricaoobie Ia y er capacitor or tbis invention, since poiar^ 
Iable electees are constitutea „itb carbon fiber or actrvatea 
catbon fiber ana conauctive electroaes are fomea on tbe 
^arisabie electrodes. accorain g iv sncb an effect is obtarn- 
L, as »ecnanical stren g tb of tbe electrode parts beco.es nrgb. 
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and small type capacitors in various shapes are obtainable, 
and furthermore capacitance per unit volume can be made 
large and besides internal resistance and leak current can 
be made low. 
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WHAT IS CLAIMED IS 

1. An el ctric . double layer capacitor utilizing 

electric ■ double layer formed at an interface b tween 
a polar liable electrode and an electrolyte, wherein an 
element is constituted by forming said polarizable electrode , 
by carbon fibers or activated carbon fibers, forming con- 
ductive electrodes on one face of said polarizable electrode 
and disposing an opposing electrode on the other side of 
said polarizable electrode with said electrolyte inbetween. 
* 2m An electric . double layer capacitor of claim 1, 

wherein a polarizable electrode consisting of carbon fibers * 
or activated carbon fibers, with a conductive electrode 
formed on one face thereof, is used as said opposing electrode. 
3 . an electric double layer capacitor of claim 1, 

wherein a non-polarizable electrode is used as said opposing 
electrode . 

4< An . electric double layer capacitor of claim 1, 

" wherein on one face or on both face of said polarizable 
electrode, an electric conductivity improving agent for increasing 
conductivity is carried. 

5. An electric double layer capacitor of claim 1, 

.wherein micro- pores are provided in said carbon fibers or 
activated carbon fibers and it is formed that among the micro- 
pores, total of the inside surface areas .of the niicro-pores 
having inner diameter of 20 A or larger occupies 1% or more 
of the total of the inside surface areas of . the whole 
micro-pores - 
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6, An electric double layer capacitor of claim 1, 

wherein carbon fibers of phenol kind is used as said carbon 
fibers. 

7t An electric double layer capacitor of claim 1, 

wherein activated carbon fibers of novolak kind made by 
carbonization and activating carbon fibers of phenol kind 
is used as said carbon fibers. 

8> An electric double layer capacitor of claim 1, 

wherein said polarizable electrode is a cloth, felt or sheet 
type matter consisting of carbon fibers or activated carbon 
fibers . 

9. An electric double layer capacitor of claim 1, 
wherein said conductive electrode is constituted by metal 
layer formed by plasma spraying or arc spraying. 

10 . An electric double layer capacitor of claim 1, 
wherein said conductive electrode is made of a metal foil 
and it is bonded on said polarizable electrode with a con- 
ductive bond. 

11. An electric double layer capacitor of claim 1, 
wherein said conductive electrode is formed with a conduc- 
tive paint. 

12. An electric double layer capacitor of claim l f 
wherein said electrolyte at least contains 1 , 2-dimethoxyei±ane 

13. An electric double layer capacitor of claijo 1, 
wherein said element is enclosed in a pair of metal cases 
which form a pair with two pieces, and said conductive 
electrodes on said polarizable electrodes and said opposing 
electrodes are electrically contacted to said metal cases. 
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14 An electric double layer capacitor of claim 4, 

wherein said conductivity improving agent is selected from 
conductive transition metal oxide, conductive paints and 
conductive oxides. 

15. An electric double layer capacitor of claim 7, 
wherein carbonization and activation is made by using a 
metal salt or hydroxide of metal containing ions of lithium, 
sodium, potassium, magnesium, calcium or zinc as a catalyst. 

16. An electric double, layer capacitor of claim 9, 
wherein said sprayed metal is one selected from aluminum, 
nickel, copper, zinc, tin, lead, titanium and tantalum. 

17. An electric double layer capacitor of claim 9, 
wherein weight of sprayed metal per unit area of said 
polarizable electrode surface is 0.05 mgr/cm*— 500 mgr/cm . 
1Bm An electric double layer capacitor of claim 10, 
wherein material of said metal foil is one selected from 
aluminum, nickel, cupper, zinc, tin, lead, titanium and 
tantalum. 

19> An electric double layer capacitor of claim 14, 

wherein said conductive transition metal oxide is selected 
from of ruthenium, osmium, iridium, indium and platinum. 
20. An electric double layer capacitor utilizing 

electric double layer formed at an interface between 
a polarizable electrode and an electrolyte, wherein said 
polarizable electrode is formed by carbon fibers or acti- 
vated carbon fibers haying a conductive electrode formed 
on one face thereof, a unit capacitor element is consti- 
tuted by laminating this polarizable" electrode in a manner 
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that margin parts are formed on both ends with a separator 
soak d with electrolyt and put inbetween, and plural 
number of said unit capacitor elements are laminated and 
electrodes for outside leading out are formed on both ends of 
this laminated body. 

21. An electric double layer capacitor of claim 20, 
wherein said unit capacitor element is constituted by dis- 
posing one polarizable electrode among polarizable electrodes 
opposing with said separator inbetween, in a manner 
that said conductive electrode on said polarizable electrode 
is situated on the side of said separator. 

22. An electric double layer capacitor of claim 20, 
wherein said outside leading out electrodes are constituted 
with metal layers made by plasma spraying or arc spraying. 
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